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Objectives. The purpose of this study was to review the results
of investigation and management of children with syncope and
structurally normal heart .
Background. Syncope is a common clinical problem and has
many etiologies . Autonomic testing and, in particular, the tilt/
orthostatic test have helped to positively diagnose neurocardio-
genk syncope in a high proportion of such patients .
Methods. Patient case notes and autonomic test charts were
reviewed in 162 children aged I to 20 years (mean age ILS years)
with syncope. The autonomic test consisted of orthostatic maneu-
ver, carotid sinus massage, diving reflex, Valsalva maneuver and
dose response to intravenous boluses of isoproterenol and
phenyl-
ephrine. Serum levels of epinephrine and norepinephrine were
drawn during the orthostatic test. After confirmation of neuro-
cardiogenic syncope, treatment was begun with fludrocortisone
and salt, and beta-adrenergic blocking agents were used as a
second line of therapy when indicated .
Results. The orthostatic test was positive for neurocardiogenic
syncope in 100 patients (62%) and negative in 62 (38%). Patients
in the former group were older, were more often female and had
Recurrent syncope and presyncope are common problems in
children. Although frequently benign, they may be harmful
and can lead to undue anxiety in patients and their families .
Furthermore, because many different disease processes can
present as syncope, an organized, methodical and cost-
ehective approach to investigation and management is nec-
essary. Herein we report our experience in the management
of syncope in a large group of children, all with a normal
heart .
Methods
Patients . Between November 1986 and August 1992, 254
patients underwent evaluation for recurrent syncope or
presyncope, or both, at the South Carolina Children's Heart
Center . This report deals only with those who satisfied
the
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a diminished response to carotid sinus massage, a higher Valsalva
ratio and a higher supine epinephrine level . Both groups showed
an increase in epinephrine and norepinephrine levels at 5 min of
standing. In the orthostatic positive group at the time of syncope,
norepinephriae levels decreased, whereas epinephrine levels in-
creased. Patients in this group were also more sensitive to the
vasodilating effect of isoproterenol but not to its chronotropic
effects . Eleven patients had cardioinhibitory syncope (asystole
03 s). Of these, three had pacemaker implantation . Fludrocorti-
sone and salt used in 84 patients in the orthostatic positive group
produced resolution of symptoms in 55 patients (65%) and
improvement in 14 (17%). Ten patients received beta-blockers,
with resolution in four and improvement in four .
Conclusions . Patients with orthostatic test-proved neurocar-
dlogenic syncope show evidence of autonomic dysfunction. They
also show beta-adrenergic hypersensitivity . Treatment initiated on
the basis of the protocol was associated with s melioration oi'
symptoms in the majority of patients .
(J Am Coll Cordiol 1994,23:779-85)
following inclusion criteria : 1) a structu ,. ally normal heart (all
those with heart defects, with or witl',)ut surgical correction,
were excluded; patients with mitral valve prolapse were also
excluded). 2) No documented arrhythmia (excluding isolated
atrial and ventricular extrasystole) on the electrocardiogram
(ECG) or 24-h Hotter ECG. 3) No overt long QT syndrome
on ECG . 4) Age <20 years . There .-vere 162 children aged
I to 20 years (mean age 12 .8 years) who satisfied these
criteria . There were 101 girls and 61 boys (male/female ratio
1 :1 .7) .
Initial evaluation. All patients underwent an initial eval-
uation that consisted of a detailed history and physical
examination followed by basic cardiac investigations that
included a standard ECC, two-dimensional
and Doppler
echocardiography, exercise testing and 24-h Hotter ECG
.
This was followed by an autonomic study .
Autonomic study . The autonomic test was performed
at
any time of day in a quiet, dimly lit room with adequate
monitoring facilities with the patient in the nonfasted state .
An intravenous line was inserted into a forearm for access
and withdrawal of blood . A radial artery cannula was placed
with the use of local anesthesia for blood pressure monitor-
ing. The heart rate was monitored with the use of the three
standard ECG leads
. The patient was required to rest for I h,
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after which the study began with the orthostatic test, as
follows .
Orthosiatic man? .,,ver. The patient was made to stand
quietly for 20 min while heart rate and blood pressure were
continuously monitored
. The test was considered positive if
it produced symptoms of syncope or presyncope associated
with hypotension (defined as systolic blood pressure
<60 mm Hg or decrease in systolic blood pressure
>30 mm Hg). The type of positive test was further subdi-
vided into three categories: 1) vasodepressor syncope, if
there was no change in heart rate or tachycardia (defined
as heart rate >125 beats/min or an increase in heart rate
>25 beats/min from baseline) associated with hypotension at
the time of syncope ; 2) cardioinhibitory syncope,
if there
was asystole a3 s at the time of syncope ; 3) mixed neurally
mediated syncope, if there was bradycardia (defined as heart
rate <40 beats/min or decrease in heart rate >25 beats/min
from baseline) associated with hypotension during syncope .
Catecholamine levels . Serum epinephrine and norepi-
nephrine levels were determined during 1) the supine posi-
tion at the end of the rest period, 2) at 5 min of standing, and
3) immediately after syncope if it occurred .
Carotid sinus massage . Carotid sinus massage of the
right followed by the left side was performed for 5 s, with
measurement of the heart rate response .
Diving refter. The heart rate response to the diving reflex
was tested by placing an ice-cold towel on the face of the
patient for 5 s
Valsalva maneuver . The Valsalva maneuver to 40 mm Hg
was performed using a sphygmomanometer . The cardio-
accelerator index (maximal heart rate in phase 2 minus heart
rate in phase 0) and the Valsalva ratio (longest RR interval in
phase 4 divided by shortest RR interval in phase 2) were
measured .
Isoproterenol dose response. The heart rate and blood
pressure response to intravenous boluses of isoproterenol
(0.1, 0.25, 0.5, 1 .0, 2.0 and 4.0 sg) were studied until an
approximate increase in heart rate to >25% of baseline was
seen .
Phenylephrine dose response
. The heart rate anti blood
pressure response to intravenous boluses of phenylephrine
(10, 25, 50, 100, 200 and 400 pg) were studied until an
approximate increase in blood pressure by 25% was noted .
Treatment protocol. Patients with a positive orthostatic
test were assumed to have neurocardiogenic syncope, pro-
vided that all other tests were normal . Once neurocardio-
genic syncope was confirmed, fludrocortisone (I I mg once a
day) and salt (250 mg three times a day) were used as
first-line therapy . When treatment failure or side effects
occurred, beta-adrenergic blocking agents, principally meto-
prolol (SO mg once a day), were used as the second line of
therapy. Treatment was given for 6 months, followed by
cessation if symptoms had resolved .
Statistical methods. Statistical comparisons were per-
formed using the Student t test, paired or unpaired as
appropriate. Analysis of variance was performed to compare
Table 1 . Results of Autonomic Tests
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Values presented are mean value
± SD. BP = blood pressure
; AHR =
change in heart rate ; Epi = epinephrine ; F = female ; HR = heart rate ; M =
male; NEpi = norepinephrine .
values between more than two groups . If a difference was
noted, further analysis comparing two groups at a time was
done using a Bonferroni adjusted p value . A p value < 0.05
was considered significant .
Results
Symptoms. The presenting symptom was recurrent syn-
cope (defined as three or more episodes during a 1-year
period) in 150 of 162 patients . Recurrent presyncope was
also noted in 63 patients . Other nonprodromal symptoms
noted were frequent headaches in 34 patients, migraine
headaches in 13, chest pain in 5, recurrent abdominal pain in
I and recurrent vomiting in 1 .
Test results . Of the 162 patients, 100 (62%) had a positive
test, and 62 080 had a negative test. Demographic charac-
teristics and comparison of the results of all tests be-
tween the two groups (positive vs . negative) are displayed in
Table 1 .
Patients with a positive orthostatic test were older (13 .3 t
3.3 years) than those with a negative test (11 .9 ± 4.8 years,
p < 0.02). There were more female patients in the positive
test group than in the negative test group (2 .3/1 vs . 1/1,
respectively, p < 0.02). During the orthostatic maneuver,
there was no difference in heart rate or blood pressure
between the two groups, both at baseline and after l min of
standing .
The response to vagall maneuvers varied. There was no
difference in the reduction of heart rate seen with the diving
reflex between the two groups . However, carotid massage of
Orthostatic
Positive
Group
(n = 100)
Orthostatic
Negative
Group
(n = 62)
p
Value
Age (yr) 13.3±3 .3 11 .9±4 .9 <0.02
Female/male ratio 23/1 IM < 0 .02
Orthostatic test
Supine HR 79 ± 21 NS77 ± 15
Supine BP 113 ± 13 116 ± 13 NS
Standing 1 min HR 95 ± 21 90 ± 22 NS
Standing I min BP 116 ± 24 122 ± 19 NS
Valsalva maneuver
Cardioaccelerator index (beats/min) 29 ± 19 21 ± 18 NS
Valsalva ratio 1 .7 ± 0.4 1 .4 ± 0.4 < 0.02
Carotid sinus massage (right), AHR 6.5 ± Al 9.7 ± 9.1 < 103
(beats/min)
Diving reflex, MIR (beats/min) 9 ± 8 12 ± 7 NS
Serum catecholamines (ps/ml)
Supine NEpi 198 ± 98 198 ± 90 NS
Standing NEpi 384 ± 172 389 ± 159 NS
Supine Epi 135 ± 355 53 ± 79 < 0 .05
Standing Epi 175 ± 291 107 ± 164 NS
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the right side produced significantly less reduction in heart
rate in the orthostatic positive than in the orthostatic nega-
tive group . The cardioaccelerator index during the Valsalva
maneuver was not different between the two groups, but the
Valsalva ratio was significantly higher in the orthostatic
positive group.
Serum catecholamines. There was a significant difference
in the supine epinephrine level, with the orthostatic positive
group having a higher level ([mean ± SD] 135 355 pg/ml)
than that in the orthostatic negative group (53 79 pg/mI
'p < 0.05) . No difference was seen between the two groups in
epinephrine level during standing or norepinephrine level
during supine testing or standing .
The epinephrine level increased from 135 ± 355 pg/mI
during supine testing to 175 ± 291 pg/ml during standing in
the orthostatic positive group (p < 0.02) . In the orthostatic
negative group the level increased from 53 ± 79 to 107 ±
64 pg/ml (p < 0.002). There was no difference between the
two groups in the magnitude of the increase in epinephrine
level .
The norepinephrine level also i.icreased from 198
98 pg/ml during supine testing to 384 ± 172 pg/ml during
standing in the orthostatic positive group (p < 0 .00001) .
Likewise, in the orthostatic negative group, it increased
from 198 ± 90 to 389 ± 159 pg/ml (p < 0 .00001) . Again, no
difference was seen between the two groups in the magni-
tude of the increase in norepinephrine level .
In the orthostatic positive group, there was a significant
increase in the epinephrine level to 407 ± 525 pg/ml at the
time of syncope compared with the standing (and supine)
value (p < 0 .001). Conversely, there was a significant
reduction in the norepinephrine level to 303 ± 122 pg/ml
compared with the standing value (p < 0 .00001) (Fig . 1) .
When the rest, standing and syncope values of epinephrine
and norepinephrine were compared among the three subsets
of syncope (vasodepressor, cardioinhibitory and mixed neu-
rally mediated) in the orthostatic positive group, no signifi-
cant differences could be seen .
Isoproterenol dose response . There was a significant dif-
ference in the blood pressure response to isoproterenol
between the orthostatic positive and negative groups (Fig .
2A), but not in the heart rate response (Fig . 2B). Systolic
blood pressure was lowered in a dose-dependent manner in
the orthostatic positive but not the orthostatic negative
group .
Phenylephrine dose response . Both groups responded to
phenylephrine in a similar dose-dependent manner, with a
lowering of heart rate and an increase in systolic blood
pressure (Fig . 3) .
Type of positive response to the orthostatic maneuver .
Mixed neurally mediated syncope was seen in 61 patients
(61%), vasodepressor syncope in 28 (28%) and cardioinhib-
itory syncope in I I (1l%) . The time to syncope varied from
0.3 to 29 min (mean 8). The duration of asystole in the
cardioinhibitory group varied from 3 to 19 s (mean 8.5) . Six
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Supine Standing Syncope
Figure 1 . Epinephrine (solid circles) and norepinephrine (open cir-
cles) levels in the group with positive findings on orthostatic testing .
Levels were obtained at supine rest, during standing and immedi-
ately after syncope . *p < 0 .00001, standing versus supine, syncope
versus supine and syncope versus standing . **p < 0.02 versus
supine . ***p < 0.001 versus s tanding . t p < 0.0001 versus supine .
patients exhibited mild tonic seizurelike activity during
card ioi nhibitory syncope .
Results of therapy . Orthostatic positive group. Of the 100
patients with a positive orthostatic test result, 84 were
treated with fludrocortisone and salt . Two patients were
asked to increase their salt and fluid intake . One was treated
with beta-blockers, and 13 patients were not treated with
drugs but had regular follow-up . The group with cardioin-
hibitory syncope and asystole >5 s has been described
elsewhere (1) . In brief, three patients with asystole >15 s
underwent implantation of a dual-chamber pacemaker,
whereas the others were treated with fludrocortisone and
salt .
All patients were followed up for at least 12 months . At
follow-up, 55 patients (65%) treated with fludrocortisone and
salt reported total resolution (defined as no further episod-s
of syncope or presyncope during the 12 months of follow-up)
of symptoms, and another 14 patients (17%) had some
improvement (defined as no more than
(.,ate further episode
or presyncope alone in a patient who had presented with
syncope) . Their drug therapy was discontinued after 6
months, and 2 weeks later 83 patients underwent a repeat
orthostatic test that proved positive in 24 (29%) and negative
in the rest .
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Side effects to fludrocortisone and salt were seen in five
patients, including worsening of headaches in three, facial
swelling in one and transient hypertension (diastolic blood
pressure >90 mm Hg) in one that resolved on stopping
medications . In all patients, therapy was changed to beta-
blockers .
Of I I patients who reported no improvement with fludro-
2.5
cortisone and salt, 10 were treated with beta-blockers, and of
these, 4 showed complete resolution, and another 4 showed
improvement. The other two patients received no drugs but
had regular follow-up visits . Of the three patients who
received a pacemaker for cardioinhibitory syncope, one
continued to have presyncope despite the pacemaker . This
resolved after a 1-year course of fludrocortisone and salt .
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Figure 2. Effect of isoproterenol on (A) systolic blood
pressure (mm Hg) and (9) heart rate (beats/min) in the
groups with positive (solid circles) and negative (open cir-
cles) findings on orthostatic testing . All notation refers to
comparison with the corresponding value in the orthostatic
positive group. *p < 0.05 . **p < 0 .0025
. tp < 0 .01 . Values
shown are mean value ± SEM .
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Figure 3 . Effect of phenylephrine on (A) systolic blood
pressure (mm Hg) and % heart rate (beats/min) in the
groups with positive (solid circles) and negative (open cir-
cles) findings on orthostatic testing . Values shown are mean
value ± SEM .
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(Athostatic negative group . If the history strongly sug-
gested neurally mediated syncope, fludrocortisone and salt
were prescribed despite a negative orthostatic test . This was
done in 12 patients, with resolution of symptoms in all .
When the symptoms were mild, the patients were asked to
increase their salt and fluid intake . This was advised in five
patients, with resolution in all . The other 45 patients re-
ceived no specific therapy but had regular follow-up .
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Done
Discussion
This report describes our experience in children with
syncope and a normal heart, with emphasis on the auto-
nomic test protocol . The use of a similar test protocol in
children was reported by Perry and Garson (2) and Ross et
al . (3), whose report included some of our early experience
.
These reports and that by Pongiglione et al . (4) have estab-
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lisped the usefulness of autonomic studies, in particular the
tilt or the orthostatic test in the diagnosis of neurally
mediated syncope in children .
Ortbostatic maneuver.
Although the usefulness of the tilt
table test is now well established
(4-8), less has been said
about the orthostatic maneuver. We found this maneuver
easy to perform in our patients
. We also believe that it has
some advantages over the use of a tilt table
. First, it does not
involve the expense of a tilt table and can therefore be
performed in any room with monitoring facilities
. Second,
children may prefer not to be restrained, and we were very
pleased with their cooperation once adequate explanation
and motivation were given
. The only disadvantage may be in
the age group <5 years, where cooperation is hard to gain .
However, syncope or presyncope is extremely rare in this
age group (2) . Third, the orthostatic maneuver is reproduc-
ible in terms of the degree of angle to which the patient is
tilted (i .e ., it is
always')().The use of various degrees of tilt
by different investigators (5-9) makes it difficult to compare
the results reported by these groups .
We refrained from the use of isoproterenol infusion as an
adjunct to the orthostatic maneuver . Although many groups
(9-11) have recommended the use of an isoproterenol infu-
sion during tilt testing, Kapoor and Brant (12) recently
reported a significant incidence of false positive results with
this technique .
Response to adrenergic agents . The use of an intravenous
bolus dose of isoproterenol and phenylephrine to judge
baroreceptor reflexes was reported by Perry and Garson (2),
who showed a significantly greater heart rate response to
isoproterenol in the orthostatic positive group . This led them
to conclude that patients with syncope have beta-adrenergic
hypersensitivity. Our results differ in that the orthostatic
positive group showed hypersensitivity to the hypotenive
effects of isoproterenol but not to its chronotropic effects .
These findings also suggest that beta-adrenergic hypersensi-
tivity may contribute to susceptibility to syncope .
Cater amine levels . Perry and Garson (2) showed a
significant difference in the norepinephrine level in the
supine and standing states between the orthostatic positive
and negative groups . However, we noted only one difference
between the two groups, namely, in the supine epinephrine
value. This may reflect a difference in the autonomic tone at
rest between the two groups .
Implications for the mechanism of syncope . Comparing
the catecholamine values among the three states (i .e ., su-
Piric, standing and syncope) shed additional light on the
possible neurohumoral mechanisms of syncope . Vingerhoets
(13) showed an increase in epinephrine and a decrease in
norepinephrine levels after syncope . Rowell and Blackmon
(14) also showed an increase in epinephrine during lower
body negative pressure combined with hypoxemia . Sander-
Jensen et al, (15) reported an increase in epinephrine asso-
ciated with a lack of change in norepinephrine during 60 0 tilt .
These observations suggest that the hypotension associated
with syncope is secondary to an outpouring of epinephrine .
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This causes beta-adrenergic overactivity, which leads to
vasodilation of skeletal muscle and splanchnic resistance
vessels, causing hypotension (van Lieshout et al . [16]) . Our
results support this view. We noted an increase in both
norepinephrine and epinephrine with standing . With syn-
cope, however, there was a further increase in epinephrine
but a reduction in serum norepinephrine (i .e ., there was an
alteration in the alpha-adrenergiclbeta-adrenergic ratio in
favor of beta-adrenergic activity) . Although the mechanism
leading to this alteration is not known, it could be the final
common pathway by which hypotension occurs .
Vagal maneuvers . There was a significant difference in
the response to carotid sinus massage, with the orthostatic
positive group having less reduction in heart rate . The
Valsalva ratio was higher in the orthostatic positive group,
probably because of greater sinus slowing in phase 4 . These
differences in response to vagal maneuvers further support
the notion of an underlying autonomic imbalance in children
with neurocardiogenic syncope .
Therapy. The use of fludrocortisone in the management
of postural hypotension is well established (17,18) . Its use in
neurally mediated syncope is less secure . Indeed, the use of
any drug or therapy is controversial . Neurally mediated
syncope is a vague disorder with a psychosomatic compo-
nent in many patients, and therefore much of the benefit
ascribed to particular drugs may be due to a placebo effect .
Despite our results showing resolution or improvement in
82% of the orthostatic positive group, a placebo effect
cannot be excluded . However, we used this line of therapy
because of the lack of side effects . There are few data about
placebo-controlled trials in the management of syncope .
Brignole et al . (19) reported a placebo study that suggested
that placebo may be as effective as medical therapy, but their
report had a paucity of patient numbers and used a variety of
treatments in the medical therapy group .
Other aspects . Another important aspect in the manage-
ment of patients with syncope is the question of cost . Tilt
testing can help reduce the cost of the diagnostic evaluation
of patients with syncope (7), which traditionally has had a
high cost and low yield (20,21) . Because neurally mediated
syncope is the most common cause of syncope, it should
logically be excluded first. At present, we use a further
simplified protocol with noninvasive blood pressure moni-
toring (Finapres, Ohmeda) rather than an arterial cannula,
and ve limit the test to an orthostatic test and vagal
maneuvers, as appropriate . Despite the usefulness of the
orthostatic test, a thorough history and physical examination
remain the most important aspect of the evaluation .
Conclusions . We believe that a simple management pro-
tocol that excludes structural cardiac problems and arrhyth-
mias, followed by autonomic testing, is the first step in the
evaluation of children with syncope . Most patients can be
adequately managed with this simple approach .
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